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Background 
-Soil liquefaction causes subsidence and tilt on 
the ground and changes the condition of the 
ground surface 
ー It』susually ca used by ea代hquakeshaking, 
which results in a reduction in the strength and 
stiffness of soil. 
(Ref,, ぬAp田ad"l加m。reinfo,matl。eJ
• Soil Liquefaction around Tokyo Bay 
-Soil Liquefaction occurred around Tokyo Bay 
after the 2日11earthquake of the Pacific coast 
ofTohoku(March 11) 
s。iliquefaction at Urayasu 
Extraction of Liquefaction Areas 
一Methodologyand Process 
Data Type 
-Intensity of Reflection 
Di汗icultto exhact the liquefaction areas from intensity data 
-Coherence今Extractionof liquefaction areas 
Soil liquefactior、causeda change intemporalιomponent 
Befo『ethe earthquake 
（ョ）19 Feb 2011 
After the earthquake 
(b) 6 Apr 2011 
Intensity in dB 
Difference 
Difference between (a) and (b) 
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Background 
Research Objectives 
• To extract the liquefaction areas by u引ngthe coherence of repeat-
pass interferometric PAL5AR data 
Data Sol』「ce
- PA凶AR(PhasedArray type L-band Synthetic Aperture Radar) isthe 
L band microwave sensor on board ALOS(Advanced Land Observing 
Satellite). 
SAR{Synthetic Aperture Radar} 
Interferometry 
ー Themethod uses two or more SAR 
images to generate maps of surface 
deformation or topog同phy,u引ng
differences in the phase of the waves 
returning to the satellite. 
(Ref,"o Ap問、di,2 fo, more lnfo,ma<lon) 
一健一一
Methodology and Process --Coherence 
• Given two c炉開gis回redcomplex SAR images(Sl and S2), the interferometric 
coherence(y) is calculated as a ratio between coherent and incoherent 
summations as below 
y IZ:s,(x）・も（x）・｜
－ 」II司令f・Ils,c,f
c。herenceis comp。sedof spatial，担mp。raland thermal c。mp。nents.
v=Y,pat1a1Y,emp。，・aJYthermal
- Y，岡山1 5同tialCOIT、ponent ’l Spectral Shift filtering 
一一一＿ A function of the perpendicular base Ii e. ，，，ー一ー』、、 (Append" 3) C ~· ,;;i:::::::::~:: 『一－Dependson changes in the surface sca抗oringproperties 
-v"ff-, Therm剖component
-.,,, .. ，，岡田r一時IExtract from mult川町0目I仰山 ｜
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Methodology and Process一Coherence
Multi-tern凹raldata 
- Coherence can be used to detect changes in ground surface 
conditions 
国町朝国~司明記旬・固 20110219 
Bef，。rethe earthquake Before and after the earthquake 白i“erence
(!) 4 Jan 2011 _ 19 F曲 2011 (2) 19 Feb 2011 _ 6 Apr 2011 o;trerence between(!) and (2) 
Coherence 
Methodology and Process 
一Extractionof Liquefaction Areas 
• In the situat;on ofToky。Bay,the urban areas suffered most from the soil 
liquefaction. c::> M訓 Ivconsidered urban 山 田．
I Took the trnrmngareas manually whe,e sorl hquefactron田山nedTraining Areas I 'acca『dingta the reference data from MUT. 
I Cho田 ea threshold value 0.36 for coherence diference between pairs Thresholdin唱l'land 2 wt、，chis atthe 10% point of the cumulative distribution 
臨調
・・岨』 "' ' I/ ．。a三 川1. ~ 一砂 ・0 刷 'ii<
• · - - 与 ＇ I.I,凶・・岨明 主 a l掴踊l 言』・ー.;: 孟？ 品聞v・咽,I “E主.,l四 冊幽 t ”ヨ
!' .・一 E：←一，1Y'lt.1 ≫ 3; …一 一 一・・－』W帽 】 ' 白IIIV--－ー＿＿］晶一 ］ 
~ " ：；.－：.－・ 。． 中ナ ；ω 叫、
Classifcation data according to AVNIR-2 
Provided by JAXA EORC 
Coherence Urban 
Coherence difference in training areas 
between pairs 1 and 2 
Results --Around Katori Area 
砂 c。mparisonbetween the result and reference data from MLIT. 
Reference Data 
－ー liquefaction 
一－ N。nI句碑＂＂ ＇相
E,pected liquefaction areas －・Expectednon liquefaction 
areas 
Result 
・Candidateliq，』e白ctionareas 
Others 
Methodology and Process 
一Extractionof Liquefaction Areas 
Coherence varies according to land cover classes. 
① D』ifferentground su巾 ceclasses have different ranges of coherence 
② The change of coherence between Pair! and Pair2 f，。reachkind of ground 
surface class dife目 fromeach other. 
ーー ＂旧内
.. ,.grass 
--uop 
?
）??
??
』??
0) --i,. I 
Soi liquefaction 
Coherence 
①Ranges of coherence for f附 land
cover classes (Pair 1) 
Coherence 
②Cohe即日edifference between 
interferometric p副目1and 2. 
Results一一AroundTokyo Bay Area 
砂 Comparisonbetween the result and reference data from MLIT. 
・ML/TcMinis町 ofLond, lnfrosrructure, Trons，同•rtond Tourism, Jopon 
10 
Field Survey in Chiba 
• Date: May 24, 2012 
• Purpose: 
ー Toconfirm the damage situation caused by soil liquefaction around 
Tokyo Bay 1 year after the earthquake 
一Toconfim、thebuilding distribution along the avenue 
Member: 
- Prof. Tamura, lshitsuka, 
Hashizume, Li. 福島
11 Lι 
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Field Survey in Chiba 
• Sites {Along JR-Keiyo-Line) 
① Shin Urayasu Station（新浦安駅） - Along Ya問 giAvenue（ゃなぎ通り）
② Kemigawahama Station（検見川浜駅）~Kaihinmakuhari Station（海浜幕張駅｝
：首γ哩
JR-Kei,o-Uoe（車車線i coherence difference bet明酬(201101刷 20110219)ind (20110219 2011。406)
Field Survey in Chiba-Site 1 
Situation: Though restoration has been done, 
the damage caused by liquefaction can be stil 
found along the Yanagi Avenue 
ゐ明動
公園
／ 
明海大
文
日1"1.M!
潟安鷹
． 
市立図書．
分館
Field Survey in Chiba-Site 2 
②Kemigawahama Stati。n（検見川浜駅）→KaihinmakuhariStation（海浜幕張駅）
The c。herencedifference image shows difference 
with the reference data 
c:ohe,ence d耐＂円 cebetween
(2011010喝201102191ood(201102192011制＂＇
Eミ
,e("'eoce do凶 fromMUT
17 
Field Survey in Chiba-Site 1 
①Shin-Urayasu Station（新浦安!R)-Along Yanagi Avenue（ゃなぎ通り）
ltIをみl
c:oheren健 d1fho!ren佳 between
ロ01101倒・20110219)＇＂ロ 01102192011制 06) ,e(e,ence dota from MLIT 
Field Survey in Chiba-Site 1 
Field Survey in Chiba-Site 2 
Situation 
一附shbu,ld,ns, we,e oonst,uoted ,I。nsthev。ad
一刊 epul同 from目前αmightbe『efleotedfrom岡山
由ebulldlnss ,nd 1，。cnd,wh・choffeoted the r田ult。f
liquefaction e,t,,ctlon 
16 
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Field Survey in Chiba 
• What we found by field survey: 
- Though restoration has been done, the damage caused by liquefaction 
can be stil found. And resto日tionis stil being done in some areas. 
- High buildings will give an e行・ecton SAR images. The pulse from sensor 
might be reflected from both the buildings and ground. That’s why we 
can’t extract some liquefaction areas around high buildings and 
constructions白
- The reference data only showed if the roads suffered from liquefaction 
or not by red and blue lines. Yet as we found by the field survey, the 
places suffered from different degrees of liquefaction 
→ By using the multi-temporal coherence data, we might be able to not 
only extract the liquefaction areas, but also assess the degrees of the 
liquefaction 
Thank you for yourαttention! 
Appendix 2 
SAR Interferometry 
By multiplying one image by (the complex conjugate on the other one 
The diference of rland 『2(r2rl) can be measured by the phase 
di仔町encel!ll)between two complex SAR imag田 ，andthe height回nbe 
calculated as below ?
?
?
•； －円＝ Bsin(O＋α） 
Grou!ldr•凡I<
=> y＝円削減
＝珍 。…arcsin（宇） z=H-r,cosO 
0219＿白白 cpho（副
Conclusion and Discussions 
’Conclusion 
• The thresholding method wel extract the liquefaction areas in urban areas 
’Discussions 
• Nois田 leftaround the image, especialy along rive円
E。Spatialresolution of the image. 
• Other ground surface classes 
c:> Consider to cho田ethreshold sepa日目ly.
But the situation for vegetation areas is more complicated 
20 
Appendix 1 
• Liquefaction 
Liquefacti。nis a phenomen。ninwhぼhthe strength and stiffness of a soil isreduced by 
ea『thquakeshaking or other rapid loading. liquefaction and related phenomena have been 
『esponsoblefort『emendousamounts of damage on earthquakes around the world 
How does liquefactfon happen? 
Whee the g,ouod sh抽出dudag'"emhq,.ke, the ml 
pa,ndes .,. ,.,.,ged aod the回 Imm compacts ood 
dweases ,n v。lcmeTh硲decrease前同lumecau世swater
m恒例ected回 theg,ocod mfm 
Sood咽l日開田町”ndbols, wate, fouo凶los,od
OSS<Xiatedg，剖nd叫＂＇田 mckloguee凶den目白＂
lqu抑制加hos。叫urned
What are the elf，目白dHquefacfon? 
Uqcefactloo cau時sdamage回 theg,ouod Be団 U四 thesol
m•笥decmmI何時fume,s＂回ultof liquefoctl。，the
ground ,u,faoe maysub.,de Un,fo,m subs,den<e。verlar酔
＂田 sm叫 gouoootoced Dife,eo<,al subsideace，同me山 dy
whe,e the,e a,e bcldlng< and othe, lnfr,mocru,.,, can be 
崎町obvlocsbe回u,.oftheva,fotf。nlndamogetoth。. 
structures 
｜将哲l
主£
Appendix 3 
• Spectral Shift Filtering 
- Spectral shift is needed due to the range spectra shift caused by the va同able
SAR local incident angle on distributed targets 
By spectral shift filtering, the component of spatial baseline decorelation can 
be mitigated from the coherence 
Without Spectral Sh，代目ltering With Spectral 抽出Filteriog
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